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Based on a symmetry argument, we study the ground-state properties of halogen-bridged binu- 
clear metal chain complexes. We systematically derive commensurate density- wave solutions from a 
relevant two-band Peierls-Hubbard model and numerically draw the the ground-state phase diagram 
as a function of electron-electron correlations, electron-phonon interactions, and doping concentra- 
tion within the Hartree-Fock approximation. The competition between two types of charge-density- 
wave states, which has recently been reported experimentally, is indeed demonstrated. 

PACS numbers: 71.10.Hf, 71.45Lr, 75.30.Fv, 03.65.Fd 



Halogen-bridged transition-metal linear-chain com- 
plexes (MX chains; M = metal, X = halogen) have 
been a central subject in material science due to their 
low dimensionality and competing electron-electron (el- 
el) and electron-phonon (el-ph) interactions, which lead 
to the variety of electronic states. PtX compounds Jl]] 
provided various topics of both chemical and physical 
interest, such as intense dichroism and unusual Raman 
spectra which originate in their mixed-valence ground 
states. NiX compounds d-Q] with mono-valence mag- 
netic ground states visualized the competition between 
the Peierls and Mott insulators. Nasu || gave a theo- 
retical description of the ground-state competition. The 
Los Alamos group || extensively investigated potential 
ground states, including incommensurate density waves 
and spin- frustrated novel antiferromagnetism 

In recent years, the new class of these family com- 
pounds (MMX chains), which consists of binuclear metal 
units bridged by halogen ions, has been stimulating fur- 
ther interest in this system. The presence of the metal- 



metal bonds allows us to expect a wider variety of elec- 
tronic structures K4|Pt 2 (pop) 4 X]-nH 2 (X = 
CI, Br, I; pop = P2O5H2) @|| and M 2 (dta) 4 I (M = 
Pt, Ni; dta = CH3CS2) pj are both typical of the MMX 
compounds but their electronic properties look rather 
different. Pt 2 (dta) 4 I shows metallic conduction above 
room temperature ]TH | , whereas no metallic behavior has 
ever been found in the pop series. Their ground states 
are both charge density waves @-[nj but show different 
valence structures. The variety of ground states must 
be one of the most interesting consequences of intrinsic 
multi-band effects and competing el-el and el-ph inter- 
actions. Here, based on a symmetry argument [|i"5| p"7[ , 
we reveal rich phase diagrams of the one-dimensional 
(ID) two-band three-orbital Peierls-Hubbard model. The 
competition between the two distinct charge-density-wave 
states is indeed demonstrated. Antiferromagnetic ground 
states for the Ni complexes and the onset of further novel 
phases under hole doping are also predicted. 
We introduce the ID model Hamiltonian as 
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where n i:ntS — a\. n s ai :n>a with a]. n s being the creation 
operator of an electron with spin s = ± (up and down) 
for the Md z 2 (i = 1,2) or Xp z (i = 3) orbital in the 
nth MXM unit, respectively, and 5i- n = u^ :n — Ui- n with 
Ui- n being the chain-direction displacement of the metal 
(i = 1,2) or halogen (i = 3) ion in the nth MXM 
unit, a and [3 are, respectively, the intersite and in- 
trasite el-ph coupling constants, while K is the metal- 
halogen spring constant. We assume, based on experi- 
mental observations, that the MM units are not deformed 
(ui-.n = it3:„_i). £m and ex are the on-site energies (elec- 



tron affinities) of isolated metal and halogen atoms, re- 
spectively. The electron hoppings between these levels 
are modeled by £mm and *mx, whereas the el-el Coulomb 
interactions by Uyi, Ux, Vmm, and Vmx- The symme- 
try group of the system is given by G = P x S x T, 
where P = L A C 2 is the space group of a linear chain 
with L being the ID translation group whose basis vector 
is the unit-cell translation, S the group of spin-rotation, 
and T the group of time reversal. Let G denote the 
irreducible real representations of G, where their repre- 
sentation space is spanned by the Hermitian operators 
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